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THE MYSTERIOUS 
OCEAN OF iTTHER 


CHAPTER I 

Three Different Oceans 

On one occasion a friend told me that he had found 
it very difficult to get some natives of South Africa 
to realize that more than one-half of the surface of 
the Earth is covered by water. These natives had 
never seen that great ocean upon the shores of which 
you delight to spend a summer holiday. 

This same friend sailed across the ocean with 
hundreds of these natives who were crossing to France 
to help us in the Great War. Then they realized the 
vastness of the ocean, and when they lost all sight of 
land they became so alarmed that he could scarcely 
pacify them. He hit upon a good plan. The steamer 
had to call at a port the following day, so he asked 
the captain if he could tell him exactly when they 
would arrive in port. As the sea was calm, the 
captaiu was able to say a definite time, whereupon 
my friend told the natives that on the following day 

at a certain hour they would touch the land again. 
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This statement calmed them; they would wait and 
see. The captain brought the ship to port at the 
appointed time and the natives had no further fear. 

You know that fish and other living creatures 
move about in the ocean of water, and that we and 
other living creatures move about in the ocean of air. 

In that poetic description of the Creation given in 
the Bible, we read about the division of the waters 
into seas and clouds. “And God made the firmament 
(i.e. the heavens) and divided the waters which were 
under the firmament from the waters which were 
above the firmament: and it was so.” 

You know how the waters on the Earth are evapo¬ 
rated by the heat of the Sun; and how the water 
vapour rises up to form clouds; and how these 
condense and fall back on to the Earth in the form of 
rain or snow or hail. These clouds float about in the 
ocean of air, which is so substantial that we can 
climb up into it with our airships and aeroplanes; but 
we cannot climb very many miles above the surface 
of the Earth. Why? Because although the ocean of 
air extends up about 200 miles, it becomes excessively 
thin as we go upwards. The great bulk of the air 

lies near the surface of the Earth. 

There is yet another ocean, and it is about it I wish 
to tell you. We may call it the mysterious ocean of 
rether, and it extends away out into space for millions 
of millions of miles; indeed, we believe it to fill all 
space, but we know nothing whatever of its nature. 

We know that the ocean of water is made up of two 
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elements which we call hydrogen and oxygen, each of 
which when by itself forms a gas, but when linked 
together in a compound form water. 

We know that the ocean of air is a mixture of a 
number of gases, the chief of which are nitrogen and 
oxygen. Our lives depend upon the oxygen, which 
we absorb into our bodies when we breathe. We 
can handle the ocean of water and the ocean of air; 
but the ocean of aether evades us altogether. We 
cannot find out anything about it. 

When you are travelling in a railway train, if you 
put your hand out of the window, you can feel how 
the train is forcing its way through the ocean of air. 
Although we can move quite freely through the air at 
a walking pace, it offers great resistance to a railway 
train travelling at a speed approaching one mile per 
minute. 

Picture yourselves situated, as we are, on the 
surface of the planet which we call the Earth, which, 
in its annual journey around the Sun, is flying 
through the ocean of aether at a speed of one thousand 
miles per minute. We can find no appreciable re¬ 
sistance offered by the ocean of aether. 

The Earth carries with it that flimsy blanket which 

we call the atmosphere or the ocean of air; and yet 

it is not blown away, nor can we find any disturbance 

in it. It is difficult to realize the presence of this 

mysterious ocean of aether, but our reason demands 
its presence. 

If I wish to communicate with you, there are three 
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different means of communication. If you are very 
near to me, I may put out my hand and touch you. 
This means of communication is a very material one. 

If you are at a little distance from me I cannot use 
this means of communication, but I may speak to 
you. The medium of communication is then the 
ocean of air. Spoken words are merely waves in that 
ocean. You know that we cannot get these waves to 



Fig. i.—Diagram of the Relations of the Sun, Moon, and Earth 


travel very far in the ocean of air; they soon die 
away, and if you are at a great distance I cannot use 

this means of communication. 

If you are beyond the distance to which I can 
shout, I may still communicate with you. If the Sun 
is shining, I might take a mirror and reflect a beam 
of light on you, or if it is dark I might use a lantern 
to shine a light upon you. There must be some 
medium of communication, as light is not a material 
thing, and we call this medium the aether. 

Then, again, you know that the Moon is going 
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round and round the Earth in a monthly journey. 
It is quite evident that the Moon is attached to the 
Earth, and is carried with it in a great waltz round 
the Sun. Both are travelling together at a speed of 
a thousand miles a minute. The Moon must be 
tethered to the Earth by something very substantial. 
We call this something the aether, but its nature 
remains a mystery. 

If you have a compass needle you know how the 
little magnet will follow the blade of a knife as you 
move it about in the neighbourhood of the compass. 
Ihere must be some medium of communication, and 
we again say it is the ocean of aether. 

When you rub the end of a fountain pen against 
your coat or other piece of cloth, you find that it 
will pull little pieces of paper to it. The pen acts 
through the ocean of aether. 

When you lift a stone from the Earth, the Earth 

pulls it back again; the two must be attached by 

something; and once more we say the something is 
the ocean of aether. 

The idea of an ocean of aether is not new. The 
ancients pictured a great ocean in which our planets 
could swim about. They could not imagine these 
great heavy bodies sticking up in an empty space. 

The great scientist, Sir Isaac Newton, who was 
born nearly 300 years ago, could not understand how 
it was possible for any man to deny the existence of 
the aether. It was impossible to think of one body 
acting upon another across a distance without a 
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medium of communication; there could be no empty 
space. He said that such an idea appeared to him 
“so great an absurdity that 1 believe no man who 
has in philosophical matters a competent faculty of 
thinking can ever fall into it”. 

Not only do we think of the ocean of aether as 
filling all space which would otherwise be empty, but 
we look upon all material things as being porous. We 
picture a solid piece of iron as a collection of separate 
particles which do not even touch one another, so 
that this mysterious ocean of aether fills all space, 
even that occupied by what we call solid matter. 


CHAPTER II 

What is Light ? 

If you do not know what light is, you could guess 
that it must have something to do with the ocean of 
aether with which this book deals. Otherwise the 
question would not appear here. People did not 
always associate light with the sether. What did the 

ancients think about it? 

Had we been living in or about the year 300 b.c., 
we might have met our old friend Euclid, m the city 

of Alexandria. * 

If we had asked Professor Euclid what light is, 

would have told us that it consisted of ocular beams 

emitted by the eyes. He might have explained that 
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WHAT IS LIGHT? 

these beams were like the antennae or feelers of 
insects. Then he would have told us that objects 
which we could see emitted rays, and that it was 
when the ocular beams touched these rays that we 
saw the object. When the eyes were shut the ocular 
beams or feelers could not get out, and so we saw 
nothing. It was a queer idea. 

People had thought about light before the time of 
Euclid, and it will be of interest to see what their 
ideas were. 

Perhaps you have heard of the Greek philosopher Py¬ 
thagoras, who lived about 600 years before Christ, and 
you might be interested to know something about him. 

He was born on the small island of Samos in the 
iEgean Sea (now the Archipelago). This island was 
of considerable importance in the time of Pythagoras. 
When a youth, he left his island home to go in search 
of further knowledge. He had many disciples, and 
the following story which is taken from an old book 
will show you what manner of men they were. Here 
is the story as it was written down 200 years ago. 

“A Pythagorean went from home on a long journey, 
and falling sick in an Inn, spent all that he had. His 
disease growing more stubborn and dangerous, his 
Landlord, who by good luck was charitably inclin’d, 
continu d to take the same Care of him as when his 
Money lasted, and when he furnish’d all the Expence 
out of his own pocket. The sick man grew worse 
and worse; and being very sorry not to have the 
wherewithal to satisfy his Benefactor, he ask’d for 
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Pen, Ink and Paper, wrote his story in a few Words; 
put at the bottom of it a Symbol of Pythagoras, to 
show he was a Pythagorean; and recommended his 
Host, as soon as he had buried him, to post up that 
Paper in some publick Place. He died the next Day; 
and when he was laid in the Ground, the Landlord, 
who expected no great Matters from the Bill, posted 
it up nevertheless at the gate of a Temple. Some 
Months pass’d away, and nothing came of it. At 
length a Disciple of Pythagoras passing that way, 
read the Paper; saw by the Symbol ’twas written by 
one of the Fraternity; went immediately to the Land¬ 
lord; reimbursed him all his Expences; and gave him 
a Reward, besides, for his Civility.” 

You may wonder what these Symbols of Pythagoras 

were. Here are four of them. 

1. “Eat not fish whose tails are black.” (The 

meaning of this was: Frequent not the company oj 
infamous men , who have had their reputations 
blackened by ill actions.) 

2 . “Stir not up the Fire with a Sword.” (We 
ought not to inflame persons who are already at odds.) 

3. “Go not in the Public way.” (We ought not 
to follow the opinions of the people , but the counsels 

of the ivise.) 

4. “ Sow Mallows, but never eat them. (I ccrdon 
all things in others but nothing in yourself) 

Suppose we had met this wise man Pythagoras and 
we had asked him about the nature of light. Here is 
what he would have told us. 
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That light consisted of extremely small particles 
projected from the surface of objects into the eyes. 
When these little projectiles entered the eyes they 
gave us notice of the object which shot them forth. 
The idea seems very strange to us, but it seemed to 
explain matters to these people who lived more than 
2000 years ago. 

I think you are sure to have heard of the great 
Greek philosopher, Aristotle, who was born in the 
year 384 B.C., 200 years later than Pythagoras. The 
father of Aristotle died when the boy was seventeen, 
and left him enormous wealth. This wealthy youth 
did not idle away his time in pleasure. He sought 
out all the useful books he could procure, and this 
was no easy matter in these far off days. He had to 
pay as much as £700 for the works of one author. 

He lived in the days of Diogenes, who, you may 
remember, dressed himself in the coarsest wear; 
lived in the plainest fashion; and ultimately took up 
his residence in a tub. He was poor by necessity; 
but, being poor, he made himself ostentatiously poor. 

Aristotle did not make himself ostentatiously rich, 
but gave up all his time to study under Plato. Later 
he became tutor to Alexander the Great, 

Aristotle opened a school, and wrote a great many 
books. As there were no printing presses in those 
days, he would no doubt get his pupils to help him in 
the writing of these books. 

You can imagine the tremendous influence of 
Aristotle’s writings when I tell you that people 
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never questioned for themselves anything he had said. 
Whatever Aristotle had said was the truth. 

Even in Oxford, in the early days, it was declared 
that “ Masters and Bachelors who did not follow 
Aristotle faithfully, were liable to a fine of five 
shillings for every point of divergence”. 

About 300 years ago an astronomer said he saw 
spots on the face of the Sun. A learned man said: 
“ I have read Aristotle’s writings from end to end 
many times, and I can assure you I have never found 
anything similar to what you describe. Go, my son, 
and tranquillize yourself; be assured that what you 
take for spots on the Sun are the faults of your 
glasses or of your eyes.” 

What then did Aristotle think about the nature of 
light? 

" He suggested that light was not a material thing. 
He did not believe that objects shot particles into our 
eyes. He said light was merely a wave-motion in 
some vast medium. Is it not remarkable that this 
idea suggested more than 2000 years ago has turned 

out to be the correct explanation? 

But all our forefathers did not accept Aristotle s 

teaching. Some of them returned to the idea of 
particles being shot off from objects, and that these 
entered our eyes and produced the sensations of light. 

You may have heard this idea spoken of as the 
“ Newtonian ” or “ Corpuscular Theory of Light , but 
I think this is not fair to the great scientist, Sir Isaac 
Newton, as we shall see in the following chapter. 
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CHAPTER III 

Sir Isaac Newton’s Idea of Light 

With regard to the Newtonian or Corpuscular 
Theory of Light, let us, first of all, see that we 
understand what a theory is. 

The derivation of the word does not help us very 
much as it has come from the Greek word theoreo , 
which means I look at or I view. 

You might look at the Moon and say that it was 
made of green cheese; but this statement could not 
rightly be called a theory. You must bring forward 
facts which will support your statement. The follow¬ 
ing incident may make the matter clear. 

On one occasion a gentleman sent me a photograph 
which he had taken of lightning, pointing out that it 
had repeated itself five times in the photograph. He 
suggested that the lightning must have been reflected 
by the lens in some mysterious way, and he asked me 
if I could explain it. 

That was his theory, but all he could bring forward 
to support it was the obvious fact that there could 
not take place, simultaneously, five flashes of lightning, 
so exactly the same. (See plate facing p. 16.) 

I agreed that there could not be so many exactly 
similar flashes, and I suggested an entirely different 
theory. I said it was not lightning that he had 
photographed, hut that five points of light had been 
moved across his photographic plate. 
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I suggested that while he was waiting for the flash 
of lightning to occur he had his camera lens open and 
his plate exposed to catch the lightning when it did 
occur, and that there must have been five street 
lamps within view, and that these points of light had 
marked his plate. Further, that the camera had got 
a shake, which made the points of light dance over 
the plate, and the scrawls had been produced in this 
way. My theory was that he had photographed the 
light from five street lamps. I wrote the gentleman 
to this effect, but he could not accept my theory. He 
was quite certain that he had photographed a flash of 
lightning five times, and that there could be no street 
lamps in view as he had taken the photograph from 
the window of an hotel overlooking the sea at Margate. 

I suggested that he should write to the proprietor 
of the hotel, and inquire if any street lamps could be 
seen from the particular window from which the 
photograph had been taken. The reply came that 
there were six street lamps seen from that window. 

On examining the photograph carefully I found a 
sixth figure exactly similar to the others, but "very 
much fainter, the lamp evidently being farther away. 

Even these facts did not enable the correspondent 
to accept my theory. I suggested that he should set 
up his camera in the dark at an open window from 
which a street lamp could be seen, and that while 
giving the exposure he should shake the camera. 

& In a few days he sent me a photograph which is 
shown in the under section of the plate. 


(D4SW) 
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He accepted this as proof that my theory was 
correct, and that his photograph was not lightning, 
but had been made in the same manner as the above. 

There were two theories of light; one stated that 
light was composed of infinitely small particles 
emitted or sent out by a body called the source; and 
this theory was called the Corpuscular Theory of 
Light. As already stated, it was sometimes called 
the Newtonian Theory. 

The other theory was called the wave theory, and 
held that light was not a thing by itself, but was 
merely a wave-motion in an all-pervading medium. 
You have seen a wave-motion caused by wind sweep¬ 
ing over a cornfield. You know also how a wave- 
motion travels over the surface of water. 

In 1804, Professor Thomas Young, of the Royal 
Institution, London, proved that the wave theory was 
the correct one. When this did take place there was 
a great objection raised to it by some people because 
it did away with the so-called Newtonian theory of 
small particles. 

I have in my possession a copy of the Edinburgh 
Review of 1804, in which a critic denounces Young 
for daring to destroy Newton’s theory. He says: 

Dr. Young proceeds to demolish at one blow the 
whole Newtonian theory of light, and to show from 
Sir Isaac’s own admeasurements that his idea of 
particles is altogether absurd.” 

The writer is so annoyed that he expresses his 
entmism in very scathing language. Here is a sample 

} B 
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of what he says about the wave theory. “ It contains 
more fancies, more blunders, . . . more gratuitous 
fictions, . . . all from the fertile, yet fruitless, brain 
of the same eternal Dr. Young.” And in another 
part of his criticism he says: “But, in truth, Dr. 
Young is of a quick conception in hatching hypotheses. 
Whether it may be that those noxious things are 
naturally of rapid growth, like rank weeds, or that he 
is of a mind peculiarly nimble and forgetive.” 

I have quoted sufficient to show how angry the 
writer is that anyone should interfere with the 
so-called Newtonian theory, and now I wish to show 
you that all this was very absurd, and that it is 
very unfair of us to call this theory after the great 
scientist. 

In a letter written by Newton to the Secretary 
of the Royal Society in London, under date 30th 
November, 1675, the following quotations occur. In 
these he uses the word hypothesis instead of theoi'y , 
and if you look up your dictionary you will see that 
this word means a supposition or assumption , some¬ 
thing not proved but assumed for the purpose of 
argument, a theory assumed to account for what is 
not understood. 

Newton says: “ I had formerly purposed never to 
write any hypothesis of light, . . . fearing it might 
be a means to engage me in vain disputes; but I hope 
a declared resolution to answer nothing that looks 
like a controversy . . . may defend me from that 
fear. And, therefore, considering that such an hypo- 
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thesis would much illustrate the papers I promised 
to send you, and having a little time this week to 
spare, I have not scrupled to describe one, . . . not 
concerning myself whether it should be thought 
probable or improbable so it do render the paper I 
send you more intelligible.” 

In another part of the letter he explains why he 
wrote this idea of moving particles shot off by objects. 
“ Because I have observed the heads of some great 
virtuosos to run much upon hypothesis, as if my dis¬ 
courses wanted an hypothesis to explain them by, and 
found that some, when I could not get them take 
my meaning when I spake of the nature of light 
abstractedly, have readily apprehended it when I 
illustrated my discourse by an hypothesis.” 

Then I wish you to notice particularly what 
Newton adds to the above. He says: “I shall not 
assume this or any other hypothesis; ... yet while 
I am describing this, I shall sometimes, to avoid cir¬ 
cumlocution and to represent it more conveniently, 

speak of it as if I assumed it and propounded it to 
be believed.” 

Then he goes on to say that those who do not 
like this suggestion may suppose light to be “ what 
else they may consider proper for this purpose. To 
avoid dispute ... let every man here take his fancy ” 

My point is that Newton did not say or believe 
that light really was composed of particles. He 

merely pictured this to help people to understand 
ins statements concerning light. 
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CHAPTER IV 

How Light was proved to be merely a 

Wave-motion 

Professor Thomas Young, who was so denounced 
by the critic in the Edinburgh Review , wrote a 
pamphlet in reply to his critic; but unfortunately 
only two copies of it were ever bought. 

Young was a Quaker, and was born in Somerset¬ 
shire in 1773. He was a student in London, Edin¬ 
burgh, Gottingen, and Cambridge. He practised 
as a doctor in London in 1800, but in the following 
year he was elected a professor in the Royal In¬ 
stitution. 

This institution was founded in 1799, and among 
the professors who followed Young, we find Sir 
Humphry Davy and Faraday, and in our own time 
Sir James Dewar, who was the first to make air a 
liquid on a large scale. 

You will be interested to know how Young proved 
the wave theory of light to be true. Here is one of 

his experiments. 

He took a very narrow beam of light of one colour, 
say red, and we shall see in the next chapter how he 
could get this. He placed an obstructing screen in 
the path of this beam of light, and only allowed it 
to pass through two very small holes placed very 

close together in the screen. 

From the back of the screen there issued two small 
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beams of red light. These two beams fell upon a 
white screen, and one would expect to see a patch of 
red colour made by the two beams of red light 
coming through the two holes. But Young found 
something more than that. The image on the screen 
was made up of alternate red bands and bands of 
darkness. When either of the two small holes was 
closed the image on the screen was a simple patch of 
red, but as long as light passed through both holes 
these bands of darkness appeared. What caused 
these dark bands? 

Young said that they were caused by one set of 

waves in the aether (one beam of light) interfering 

with another set. You may know that we can make 

one set of sound waves interfere with another and 

produce “ beats , which are silences occurring in the 
sound. 

Young’s argument was that if light was composed 
of moving particles, there would be two streams of 
these particles arriving on his screen, and these 
would produce a solid patch of red light. It would 
be a simple case of addition, whereas he was getting 
darkness produced at certain places by the two°beams 
of light. The wave theory accounted for these bands 
of interference. Two sets of waves could so interfere 
with one another as to produce a blank or a calm. 

To help you to understand the subject of inter¬ 
ference, I might tell you of an experiment in the 
interference of sound waves. 

I have two bars of steel which 


you would think 
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gave exactly the same sound when caused to vibrate 

( fi S- 2). 

I had these made so that one would vibrate 500 
times per second, while the other will vibrate 504 
times per second. 

By practice I can tell the difference in the two 
sounds, but they are so like one another that you can 

easily mistake the one for the other. 

When the two bars are caused to send forth their 



notes at the same time you hear distinct beats or 
breaks in the sound. This is due to the interference 
of the one set of waves with the other. Let us see 

how this comes about. 

Picture the waves coming from the two bare; on 
sends out 500 waves per second, while the other sen s 
out 504 per second-a difference of four waves per 
second or one wave in each quarter of a second 

By mental arithmetic you can tell that the one mr 
will send out 125 waves in a quarter of a second 
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Fig. 3 

(500 divided by 4), while the other will send out 12G 
waves (504 divided by 4). 

You may picture those waves setting off together 
as in the diagram, but I will not trouble to make 
as many as 125 and 126 waves; ten and eleven will 
give the same difference of one wave (fig. 3). 

There is one wave more in the lower line, and although 
the waves start off together and finish together, there is 
a point in the centre where the crest of one wave comes 
right over the trough of a wave in the lower line. 

If you try to push a thing upwards with a certain force, 

and you try to push it down with an equal force, it will 
remain stationary. You cannot push it up and down 
at the same time. In the same manner a wave cannot 
go up and down at the same point, so there is a calm 
in the centre of the quarter second. This will mean 
four calms or silences in each second (fig. 4). 
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When I had these two bars made I wished to test their 
accuracy, so I got an assistant to help me in the following 
manner. I sounded the two bars together and we heard 
the beats very distinctly. Indeed this experiment may 
be used in a very large hall and the beats are heard with 
clearness. I gave my assistant a sheet of paper on 
which he was to make a dot with a pencil at each beat. 

Signal here 


• * • • • 


Fig. 5 


I drew a line across the paper, and I told him to 

keep making dots on one side of the line in time with 

the beats, and when I gave a signal he was to cross 

the line and continue making dots, going in a straight 

line until I told him to stop. 

Taking a watch, I gave the signal and allowed him 

to go on° making dots for ten seconds. This is what 

he produced (fig. 5). . 

When I counted the dots on the timed side of the line 

I found there were exactly forty dots. These were made 

in ten seconds, so that he had made four dots in a second, 

and in this way I proved that there was a difference of tour 
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waves per second between the two bars (500 and 504). 

You may wonder how these steel bars are made to 
vibrate. Of course, you might strike them with a 
hammer or with a wooden gong stick and they would 
vibrate, but that would not serve the purpose so well. 

The gentleman who made these bars for me had 
discovered a very excellent way of vibrating the bars. 
He made up a vibrator such as is shown in fig. G. 

This vibrator has a heavy iron handle, in which 
there is fixed a short piece of cane, on the end of 
which is fixed the leather tip of a billiard cue. 

My friend discovered that by setting this cane a 



Fig. 6 


certain length it would vibrate 500 times per second, 
and then, gently stroking the steel bar with it, the 
bar sang out its note very clearly. 

Hie friction of rubbing causes the cane to vibrate 
and the steel bar falls into step w ith i 

In Youngs experiment of thTint^fei^i^^ tfslight 
he uses two beams of light. ^ 

O 

^ A 
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CHAPTER V 


More about Light 


We are no doubt all quite satisfied that light con¬ 
sists of waves in the mysterious ffither of space. 
Passing through any medium these waves travel in 
straight lines; but their direction is altered when 
they pass at an angle from one medium to another, 

as from air into water or into glass. 

About the time that William the Conqueror came 
over to our island, nearly a thousand years ago, there 
lived in Arabia a learned philosopher who made some 
interesting experiments with light. His name was 
Alhazau. He visited Egypt and offered the Caliph 
a oreat scheme in connection with the overflowing oj 
the River Nile. His scheme was not practicable, and 
the Caliph was so angry that it is probable he would 
have put Alhazan to death had the philosopher not 
pretended to be mad. Here is one of Alhazan s ex- 


1 He darkened a room and then admitted a beam of 
light through a slit in the shutter. If the atmo¬ 
sphere of the room had been quite ^ar of dust 
would have seen nothing but a patch of light on 
Hoor or on the wall, according to the position of the 
sht in the shutter. But when dust particles were 
floating about in the air, the beam of light was easily 
seen. Alhazan says “ the light is made clearly visible 

in the air mixed with dust . 
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Fig. 7 


Alhazan took a glass vessel filled with water, and 
not being able to have dust floating through the 
water he added a little milk, which served the same 
purpose in the water as the dust particles did in the air. 

By this experiment Alhazan was able to show the 
bending of the light as it entered and left the water, 
as shown in the diagram (fig. 7). 

He could also reflect the beam of light from the 
surface of the water as shown in fig. 8. 

I have taken actual photographs of these experi¬ 
ments, using a lantern to give the beam of light, as 
shown in the accompanying illustrations. To obtain 
these a chalky duster was shaken in the air, and some 
red ink was mixed in the water. 

These photographs were taken in the dark, but as 
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the apparatus was not seen in the dark, I had to 
make a short exposure also in the daylight to bring 
the apparatus into the picture. The beam of light in 
this case was produced by means of a lantern because 
it was more convenient than the slit in a window shutter. 

You may perform an interesting experiment in the 
bending of light in the following manner. Take an 
empty basin and place it on a table, and put a penny 
on the bottom of the basin. Walk backwards from 
the basin till the penny is just hidden from sight. 
It is well to fix your position by placing a chair m 
front of you. Now get someone to fill the basin 
with water, taking great care to pour the water in 
gently so as not to disturb the position of the penny. 

When the water is in the basin you can see the 



* 
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penny distinctly, although it was entirely hidden 
when the basin was empty. I have also photographed 
this experiment, and the results are shown in the 
accompanying drawings. 

The first photograph (fig. 9, a) showed an empty 
basin, as the penny was entirely out of sight. The 
second photograph showed the penny as in fig. 9, B, 
the only difference being that there was water in the 
basin; the penny had not been moved in any way. 

When we bend light out of its normally straight 
path, we call it refraction , and we say that the light 
has been refracted. 

Light is bent when it passes through glass, and 
that is what we use glass lenses for. 

We may bend the light by a convex lens, and the 
result is as shown in fig. 10. 

o 
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Or we may pass the light through a concave lens 

and the result is as shown in fig. 11. _ 

We have a small lens in the eye, the position ol 

which you will see in fig. 12. . . 

This is called the crystalline lens , and its duty is 

to focus the image or picture on the sensitive part o 

the eye which is called the retina. 
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Fig. 13 is a diagram which shows the lens in a 
normal eye focusing the rays of light to a point 
on the retina. 

But it so happens that in some eyes the lens does 
not focus the rays on to the retina. Here is what 
happens in some cases (fig. 14). 

You see that the rays would not meet until they 
passed through the retina, if that were possible. 
There can be no clear image formed on the retina of 
such an eye, and we say the person is long-sighted. 

We can correct this trouble by using a convex lens 
in front of the eye to gather in the rays at an earlier 
point. You know how we make the lenses up in a 
metal frame and call them spectacles. 

When we say a person is short-sighted we mean 
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that the crystalline lens brings the rays of light to 
a focus too early, as is seen in fig. 15. 

In this case we must use a concave lens in the 
spectacles to cause the rays of light to open out some¬ 
what, and thus come to a focus later. 
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You will see that it is very necessary that the 
optician supplying spectacles should know the right 
amount of curvature to give to the lenses, so that the 
rays are brought to a focus exactly on the retina. 


CHAPTER VI 

The Eye and iEther Waves 

The eye is really a uatural camera. There is a 
dark chamber in the eye as in the camera; both are 
lined with black inside to prevent reflection. There 
is an opening in the front of both to admit light; 
and in the eye, this is covered with a little trans- 
parent window, which we call the cornea (see fig. 12). 

The light on entering the' cornea passes through 
the anienor chamber, which means the front room 

n n 2 ’u fig ' 12 )' ThlS Space is filled with a liquid 

called the aqueous humour. You see the little Ins 

and m f roat of thls is a curtain cal , ed the 

of t t° PeD ! aDd f 0S6S accordin g t0 ‘he amount 
of light entering the eye. You can easily watch 

he movements of the iris if you look at the eye of 

decreased Tb “ being in ™ d and 

decreased. The simplest way is to make the ex 

The movement of the little curtain may even be 
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observed by getting your friend to look at the window 
of the room, and then, when looking away from it, the 
iris will be seen to open wider to admit more of the 
dimmer light. The pupil of the eye is merely the 
hole in the iris, so that the size of the pupil varies 
with the light. The pupil is nothing but an empty space. 

An Irishman is said to have told a friend that he 
had nothing left in his wardrobe but the arm-hole of 
an old waistcoat. 

After passing through the pupil, the light enters 
the crystalline lens, and is focused on to the retina. 
The inside of the eye is not empty, but is filled with 
a jelly-like substance called the vitreous humour 
(No. 1 in fig. 12). 

There is no such liquid substance required in 
the camera. It has an iris modelled on that of the 
eye, and this is called the diaphragm. The photo¬ 
grapher opens and closes this according to the amount 
of light he wishes to enter the camera. In the case 
of the eye this opening and closing is done without 
our will; we say it is an involuntary movement. 

The retina of the eye is the sensitive surface which 
is affected by the waves of light falling upon it, just 
as in a camera the light affects a chemically prepared 

cdass plate or celluloid film. 

In the camera we focus the light on to the plate 
by altering the distance between the lens and the 
plate. Iu°the eye the focusing is done by the lens 
altering its shape. When looking at a near object 
the lens is bulged out as shown in fig. 16. 
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Little muscles pull the lens into this shape, and if 
you stare at some object near you, you will feel these 
muscles straining, whereas if you look at a distant 
object out of the window you will feel the muscles 
relax. 

When a camera is not taking a picture, a black 
cover or shutter is used to cover the lens. In similar 
fashion we draw our eyelids over the eyes when we 
do not wish to use them. 

If you have ever looked at the ground glass (or 
focusing screen) in a stand camera you must have 
noticed that the picture formed on the screen is 
upside down. The plate facing p. 36 explains how 
this must be so. 

The aether waves which form light go in straight 
lines. The light coming from the girl’s feet is re¬ 
flected in all directions, but only the light which 
happens to strike the hole can enter the camera. 
This light which enters is travelling in an upward 
direction and it must continue to do so on entering 
the camera, and so this light is focused at the top of 
the plate. That is why the girl’s feet appear at the 
top instead of at the foot of the screen. It must be 
the same in the case of the eye, as the conditions are 

the same as just described. Why then do we not see 
things upside down ? 

The reason why we do not see objects upside down 
is that we do not read the image which is produced in 
the eye. It is merely a sensation conducted to the 
brain by the optic nerve (fig. 12 ) which we interpret. 



Fiir. 17 
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We are so accustomed read- 
in op these sensations that if 

O 

the image happened to appear 
the right way up on the retina, 
we should imagine that it was 
standing on its head. 

We can prove this by a very 
simple experiment, by throw¬ 
ing a shadow on to the eye. 

Take a piece of paper or 
cardboard and pierce a small 
hole at the centre. Then hold this up as shown in 
the drawing (fig. 17), looking through at the light, 

daylight or artificial light. 

When holding a pin close to the eye, you will see 

it as if it were at the small hole in the paper, and 
sure enough the pin seems to be standing on its head, 
whereas you are holding it upright in front of the eje. 
This is what you see (fig. 18). 

It is the optic nerve 
which carries the impulses 
produced by the aether 
waves of light falling upon 
the retina, and it is the 
sensation produced in the 
brain which we interpret. 

Sometimes there are 
sensations which may not 
be read correctly. bor 
ri 18 instance, you would say 
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that the vertical line was 
greater than the horizontal 
line in fig. 19. 

The two lines are exactly 
equal in length. Again, you 
would say that the cross lines 
in fig. 20 were not parallel, 
but if you measure them 
you will find that they are. 

Another optical illusion 
is shown in fig. 21. 

O 

The zigzag background makes us think the squares 
are not perfect, and yet they are. 

Fig. 22 is another well-known illusion. 

When you look at this at first you will doubtlessly 
see a flight of stairs as looking down from above them, 
but you may also see them as though you were look¬ 
ing at them from beneath. 

And fig. 23 is the last one we have room for though 
there are many more. 




Fig. 21 
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Look steadily at the 
three cubes in group 
No. 1. Then examine 
the larger group No. 3. 
You will be able to 
count six cubes. Now 
look at group No. 2, 
containing three cubes, 
then examine group 
No. 3 again, when you 
will be able to count 
seven cubes. 

We have seen how 

lenses are used in spectacles and cameras, and you 
know that they are used also in magnifying glasses, 
field glasses, telescopes, microscopes, magic lanterns, 
&c. In all these the lenses are required for bending 

the aether waves of light. 

The idea of the telescope is 
said to have been got in the 

following manner. 

Some Dutch children were at 
play when they made a dis¬ 
covery. There were a number 
of lenses about as their father 
was a spectacle-maker. They 
were playing with some of these 
lenses when they happened to 
place a convex and a concave 
lens at a little distance from 



Fig. 22 
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each other, and they noticed that when they looked 
through these two lenses all objects seemed to be 
brought very much nearer to them. They called 
their father to see this, and he set about fitting such 
lenses into tubes, making what we call a telescope. 

When this discovery was made by the children, 
Holland was at war with Spain, and so the spectacle- 
maker was asked to keep the matter secret, but news 
of it spread to Italy. From the mere mention of such 
a thing being possible, Galileo invented a telescope. 
He did not get any particulars as to how the Dutch 
spectacle-maker had obtained his results. 
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CHAPTER VII 

The Spectrum 

What is a spectrum? The derivation of the word 
does not teach us much, as we merely use the Latin 
word spectrum , meaning an appearance. You know 
another word, spectre, which is derived from the same 
Latin word, and you know that a spectre is an appari¬ 
tion, a ghost-like appearance. 

You are familiar with the appearance of the rain¬ 
bow, and you have probably seen the same colours 
produced when light passes through a glass prism or 
some cut-glass object. A prism is a triangular piece 

of glass as shown in fig. 24. 

Sir Isaac Newton was the first to produce and study 
this on a scientific basis. This he did by letting the 
light enter a dark room through a small hole in the 
shutter. He passed this beam of light through a 
glass prism, whereupon there appeared a beautiful 

ribbon of colours. It is this w 7 e call a spectrum. The 

arrangement is shown 

in fig. 25. 

You will observe 
that the rays of light 
are all bent, and that 
some are bent more 
than others. The 
longest waves in the 
visible spectrum are 



Fig. 24 
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those which produce the sensation of red; these are 
bent least. The shortest are the waves producing the 
sensation of violet, and these are bent most. 

The colours in the spectrum are red, orange, 
yellow, green, greenish blue, and violet 

It will be well to refresh our memories about the 
behaviour of waves, and for this purpose we may use 
the analogy of a boy making waves in a pond. 



I think you will know the meaning of this word 
analogy. If you desired a one-word explanation, I 
would say “ similarity ”; but an analogy is a descrip¬ 
tion of one thing used to explain another thing which 
is not so easily understood. 

Picture a boy standing in the centre of a pond, 
and making waves by means of a round wooden float 
attached to a handle. He is able to make quite a 
variety of waves. He varies the waves by altering 
the rate at which he moves the float up and down. 
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If he gives it a rapid to-and-fro motion he produces 
what we call short leaves. These follow close upon 
one another, having only a short distance between 
the crest of one wave and that of its neighbour. 

On the other hand if he moves the float less fre¬ 
quently, we say he is producing waves of a lower 
frequency; they do not follow each other so closely, 
but have a longer distance between the crests, and 
they are called long waves. 

The frequency is the rate at which the waves follow 
one another, but water waves are very lazy and slow 
compared to aether waves. The longest aether waves 
of light which affect our eyes are the red-producing 
waves, and they follow each other at the rate of 400 
billion waves per second. 

The speed increases as we go along the spectrum 
towards the violet end, where the waves have a fre¬ 
quency of about 800 billions per second. 

I think you know that a billion means a million 
million, but to some people a million and a billion 

seem very much the same thing. 

Some years ago I tried to picture the difference 

between a million and a billion in some way which 
might enable people to grasp the enormous difference. 
I cr 0 t a bag of dried peas, and laying a good number 
in°a row I counted them, and then calculated how far 
a million peas would stretch. I found it would 
make a chain of about 4£ miles in length. On cal¬ 
culating the length of a chain containing a billion 
peas, I found it was going to stretch round and round 
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the Earth more than 100 times. The comparison 
was not very useful, as it is difficult to visualise the 
size of the Earth. 

I then tried weighing the peas, but the comparison 
did not give what I wanted. I then suggested the 
following picture which I have used elsewhere. 

Imagine a large tank capable of holding one million 
peas, and in the bottom of the tank we have a little 
trap door, which moves by clockwork, opening once 
in every second, and allowing one pea to fall out at a 
time. 

On calculating how long it would take to empty 
the tank of its million peas, I found that it would 
require about 11 days, so that we might leave the 
tank to work for about 11 days and be back to see 
the millionth pea drop out of the tank. 

Then we construct a larger tank to hold one billion 

peas, and we leave it to work at the same rate. 

When must we return to see the billionth pea drop 

from the tank? We cannot hope to be present, nor 

could any of our great-great-grandchildren be present 

when the billionth pea escapes, for it will take 30,000 
years. 

We may say that a million is to a billion as 11 
days are to 30,000 years. We cannot fail to realize 
the enormity of a billion. 

Well, these aether waves which produce the red 
sensation are following each other at the rate of 400 
billion waves per second. 

I should like you to realize that colour is only a 
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sensation within us; outside of ourselves there are 
merely those aether waves which produce the sensa¬ 
tion. 

The coloured object does not possess the colour. 
It merely has the property of reflecting those waves 
which, on entering our eyes, produce the sensations 
of colours. 

Hither waves of a certain frequency produce a red 
sensation. Waves of higher frequencies produce 
orange, yellow, green, greenish blue, and violet 
colours. 

I would like you to come with me, in imagination, 
into a darkened room. I turn on the light of a 
lantern and show you a red board; you say it is very 
like the colour of the tramway stopping posts. You 
are right, for I got the Tramway Works to paint the 
board for me. I darken the room again, and when I 
show you the same board again you say it is a black 
board, but I assure you it is the same board, and it 
has not altered in any way, yet it appears a jet black. 
How can this be? 

When I showed it to you the first time, the 
lantern was sending out white light containing red- 
producing waves, which the board was capable of 
reflecting. But when I showed it to you the second 
time, I had a screen in the lantern which held back 
all these red-producing rays, and as the board could 
only reflect that particular kind of wave, there was 
nothing left that it could reflect; it appeared black. 

You will understand this better when we consider 
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in one of the following chapters how objects reflect 
light, but in the meantime I wish you to realize that 
colour is merely a sensation, and is produced by aether 
waves. The objects themselves do not possess colour, 
but merely act as reflectors. The aether waves are 
not coloured, they are invisible, but they produce the 
sensations which we call colours. 


CHAPTER VIII 

Colour-blindness 

Many boys and girls have heard of John Dalton, 
who was a very distinguished chemist. He was born 
in 1766 and died in 1844. 

Dalton found that he was colour-blind, and he was 

the first to study the subject. Colour-blindness was 

known at first as Daltonism. It is told of Dalton 

that on one occasion he went into a shop to purchase 

a pair of stockings as a birthday present for his 

mother. Seeing a pair marked “silk and newest 

fashion”, and thinking them suitable, he purchased 
them. 

The Daltons were quakers, and used the forms of 

speech “thou” and “thee”. When Mrs. Dalton 

opened the parcel she said: “Thou hast bought me 

a pair of fine hose, John, but what made thee fancy 

sue a bright colour? Why, I can never show myself, 
at meeting in them.” 
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John thought there was something wrong with his 
mother’s eyesight, as the stockings appeared to him 
of a very dull drab colour. He said so, whereupon 
his mother replied: “ Why, they’re as red as a cherry, 
John.” 

There was evidently something wrong, so John 
called in his brother Jonathan, and asked his opinion. 
He agreed with John that their mother’s eyesight 
must be at fault. In order to satisfy herself that she 
was right, she took the stockings to her neighbours, 
and came back with the general verdict that the 
stockings were “Varra fine stuff, but uncommon 
scarlety 

It is stated sometimes that it was this incident 
which showed John Dalton that he was colour-blind, 
but I found the following sentence in one of his 
scientific papers: “I was never convinced of a 
peculiarity in my vision till I accidentally observed 
the colour of the flower Geranium Zonate by candle¬ 
light in the autumn of 1792.” 

It is quite probable that Dalton thought that his 
mother and the other womenfolk were merely de¬ 
scribing the colour differently from him, and that he 
never thought of them actually seeing the stockings 
differently. 

In one of his papers on the subject, Dalton says: 
“When I used to call pink sky-blue, and incur the 
ridicule of others, I used to join in the laugh myself; 
and then nobody thought I was in earnest; nor did I 
think at that time that there was such a great differ- 
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ence in the appearance of colour to me and others as 
there now seems there is. I thought we differed 
chiefly in words, and not ideas.” 

Some years ago, I was preparing a paper on colour¬ 
blindness to be read before a learned society; and I 
desired to show the audience what the colour-blind 
people see. I was fortunate in getting into touch with 
two men who were absolutely blind to red. I found 
a great many people merely weak in the red sensa¬ 
tion, but the following incidents will show you that 
these two men could not see red. 

I made the experiments with one man at a time, 
as they were strangers to one another, and botli were 
rather shy at first in answering questions concerning 
what they saw. 

I had with me a piece of bright scarlet cloth, such 
as is used for hunting coats; and putting that over 
my coat, I said to one of the colour-blind men: 
“ Suppose you and I were going to attend a funeral 
together, and I turned up in a suit made of this 
material, would you go with me to the funeral ? ” 

He seemed puzzled, and then put forward his hand 
to feel the cloth. I told him the cloth was of good 
quality, and that it was the appearance to which 
I referred, whereupon he said: “They usually go 
dressed like that! ” 

It was quite apparent that a pure red colour was 
black to him. He had no red sensation. 

When I showed him a number of pieces of coloured 
cloth, there was one red cloth which he always called 
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“red”. This puzzled me at first, as I was persuaded 
the man could not see red at all. 

I had made up a pair of spectacles through which 
I could see things as the colour-blind man was seeing 
them. I looked at this piece of cloth, and it appeared 
a certain shade of blue. The cloth was actually a 
dark rose colour, in which colour there is some blue. 

Before my next meeting with this man, I took 
trouble to procure a piece of cloth which was actually 
a blue of the same shade as the rose cloth appeared 
through my colour-blind glasses. 

I showed him the cloths again, having included 
this blue one among them, and each time he came 
to this blue one he called it red. It was evident that 
he had formed the habit of calling that particular 
shade of blue “red”, and as he was sometimes right 
he continued to do so. He was only right when it 
happened to be a rose shade of which he was seeing 
the blue part. 

I showed the other man a piece of very bright pink 
cloth. I had sent someone to buy a piece of bright 
pink cloth, and given instructions not to be content 
with the first bright pink, but to show it elsewhere 
and try to procure a still brighter piece. 

Having obtained a very bright pink I showed it to 
the other man and asked him to name it. Of course 
he said it was blue, because there was a great deal of 
blue in it, and he could not see the red that was in it 

although it was very bright. 

I asked him if he would be surprised if I called it 
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“sky-blue”, to which he replied, “I have never seen 
the sky so blue as that.” On looking through my 
colour-blind glasses I quite agreed with him. 

I then suggested that there was another name for 
this colour, but he said nothing. I said I should like 
very much if he could remember the other name, and 
after a little hesitation he said “ Pink ! ” 

When I asked him why he had not said so at first, 
he replied: “ I have often heard people call it pink, 
but I should always call it blue.” 

From the above incident you will see that this man, 
like John Dalton, thought it was merely a matter of 
words and not ideas. He thought I was merely giving 
another name to what he saw. When I gave these men 
a number of hanks of wool of different colours, they 
matched a pink to a sky-blue, a yellow to a green, a 
rose to a blue, and a scarlet to a black. Why? 

One way of explaining it is to suppose we have 
only three colour sensations, red, green, and blue, and 
that all the other colours are combinations of these 
three. These colour-blind men had no red sensation, 
so a pure red colour, which reflects only red, tried 
to stimulate the red sensation, but it was absent and 
there was no response. It behaved to the colour-blind 
man just as a black object which reflects nothing. 

A yellow object stimulates both the red and the 
green sensations, but as the colour-blind man cannot 
see red, only the green sensation is stimulated and 
he sees the object just as he sees a green one, and so 
he matches yellow and green together. 

( 1 > 499 ) 
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The rose colour, like the pink, stimulated the red 
and the blue sensations, but there being no response to 
the red, the colour-blind see it as though it were blue. 

I was able to imitate the colour-blind vision of 
these men by using a glass which kept back all the 
red-producing rays of light, so that the red sensation 
was not stimulated, and I matched the colours just as 
they did. 

On one occasion I went into a wool shop to purchase 
some coloured wools for a demonstration. I asked 
for pinks and blues, and I put on my colour-blind 
spectacles so that I might select “good matches”. 
Of course I was matching pinks to blues. The 
manager of the shop noticed what I was doing, and 
he saTd: “Excuse me; might I ask why you match 
a pink to a blue, for we had to dismiss a salesman last 
week for doing so.” He told me how a lady had 
brought in a piece of pink wool to be matched and 
this “stupid” salesman offered her a blue wool as 

a match to the pink shade. 

I found the manager had thought the salesman very 
stupid, so I suggested that he should look through my 
glasses, whereupon he made some matches which were 
just as stupid as those of the colour-blind salesman. 

There are many forms of colour-blindness, but the 
red sensation is the one which is most often wanting. 

You will remember that colour is a sensation, and 
that outside of ourselves there are merely aether 
waves which on entering our eyes stimulate these 

colour sensations. 


INVISIBLE LIGHT 51 

CHAPTER IX 

Invisible Light 

Of course all light is really invisible, as it is com¬ 
posed of aether waves, and we cannot see the ocean of 
-ether. When we speak of invisible light we mean 
light that does not affect our vision. You know that 
the sun is sending us heat rays which we cannot see. 

By passing sunlight through a glass prism we not 
only separate the waves which produce the different 
colour sensations, but we separate those waves which 
produce the sensation of heat, and we find them 
below the red end of the spectrum. The Latin word 
for below is infra , so we call these infra-red rays, and 
we speak of infra-red light. 

Again, if we expose a photographic plate where a 
spectrum is being produced, we find that the plate is 
affected far beyond the violet end of the spectrum. 
It is apparent that there are aether waves beyond the 
violet, and so we say there is ultra-violet light. The 
word ultra is the Latin for beyond. 

We can make experiments with these invisible 
waves. The infra-red waves may be described as 
radiant heat. Let us experiment with them first 
of all. Suppose we have produced a spectrum by 
passing the light of an electric lantern through a 
prism; we place a sensitive thermometer in the in¬ 
visible space beyond the red end, and we find that 
the heating effect is mainly in this part. We now 
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possess thermometers so sensitive that they can detect 
the heat from a candle flame at a distance of more 
than 100 yards. We call such instruments bolometers. 

We may detect the invisible infra-red waves coming 
from a vessel filled with hot water. 

We wish to prove that these invisible infra-red 
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Fig. 26.—Solar Spectrum, showing where the infra-red and ultra-violet 
rays commence. The scale numbers give the wave-lengths in millionths 

of a centimetre 

waves are of the very same nature as the light which 
affects our eyes. One of the properties of light is 
that it can be reflected. Let us see if infra-red waves 
can be reflected. 

Sir Humphry Davy made this experiment in the 
Royal Institution in London, and it has often been 
repeated. He took two large curved mirrors, and he 
suspended one, mouth downwards, about fifteen feet 
above the lecture table. He placed the other one, 
mouth upwards, on the table beneath the first one. 

Then he hung a red-hot iron ball in the focus of 
the suspended mirror, which collected the heat rays 
and reflected them down on to the second mirror. 
This mirror focused these rays to a point at which 
there had been placed a piece of black paper. The 
paper commenced to smoke and soon caught fire. 
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One could even light a cigar by placing it in the 
focus of the second mirror. There is no doubt 
whatever that these infra-red waves can be reflected 
just as visible light can be. 

Another property of light is that it can be refracted, 
or bent out of its normally straight path. We can 
refract infra-red waves by means of lenses. You 
know that by concentrating the Sun’s rays through a 
lens we may set a piece of paper alight. It is 
dangerous to hold one’s hand in the focus of a 
magnifying glass through which direct sunlight is 
being passed. 

There is yet another property of light; we can 
polarize it. What does this mean? There must be 
a difference in the conditions of waves produced in 
the aether compared with those produced on the 
surface of water. The aether has no surface; it 
pervades all space. The waves are within the aether, 
and so they may be in many planes; some may be 
described as up and down, and others from side to 
side. To polarize light means to cut off all the waves 
except those lying in one particular plane. 

A simple experiment with a rope and two boxes 
will make the matter clear. 

We have no difficulty in making waves travel along 
a rope. We may make the waves in a vertical planed 
which is what you might describe as up and down 
as shown in fig. 27, or we may make them in a 
horizontal plane, going from side to side as shown 
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Suppose we take two boxes with divisions through 
which we may pass the ropes. We may place the 
boxes in two different positions as shown in fig. 29, 
in which you see the divisions of one box (No. l) are 
in a vertical, and the other (No. 2) in a horizontal 

position, or plane. 

If we pass the rope through the grating of No. 1 
box, the rope will be free to move up and down, and 
we can send vertical waves through it (fig. 30). 

If we try to send the same waves through No. 2 

box they are at once damped out (fig. 31). 

We may arrange the two boxes so that the vertical 

waves pass through No. 1, but are cut off by No. 2 as 


in fig. 32. 



Fig. 2‘J 
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Fig. 31 



Fig. 32 


That is how we polarize light, only we cannot use 
such boxes; we must use a piece of tourmaline, a 

natural crystal, which acts towards light just as the 
boxes acted towards the rope. 

If we place the tourmaline or polarizer in one 
position, it allows all the vertical mther waves to get 
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through, and it cuts off all the horizontal waves. 
How can we be sure that this has taken place? 

If we now try to pass the vertical waves through 
another polarizer while it is lying horizontally, or at 
right angles to the first position, we find that these 
vertical waves cannot get through, so we have cut 
the light off altogether. No light appears on the 
other side of the second polarizer. We call it an 
analyser when used for this purpose. 

If radiant heat is of the same nature as visible 
light we ought to be able to polarize its waves. We 
allow the infra-red waves to fall upon a sensitive 
thermometer, after passing through the polarizer, and 
we see that it records less heat. We have polarized 
the infra-red waves. If we pass these polarized waves 
through the analyser or second crystal, we cut off the 
heat altogether, as we see by our thermometer. We 
are satisfied that infra-red waves are of exactly the 
same nature as light; they can be reflected, refracted, 
and polarized. 
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CHAPTER X 

More about Invisible Light 

In the preceding chapter we have seen that the 
infra-red waves are of the same nature as light; but 
what about the ultra-violet waves, those invisible 
rays which exist beyond the violet end of the spec¬ 
trum? We know that they are contained in daylight 
although they do not affect our eyes. 

On one occasion a blockmakcr was photographing 
the picture of a bird, which was painted in black-and- 
white. After he had got the photograph, he used it 
in the making of a printing block. When he had the 
block ready, he found that the breast of the bird came 
up a dirty grey colour when printed, whereas it was 
a beautiful white in the artist’s painting. 

The blockmaker then took a second photograph 

and made another block, but the result was again a 

failure. He sent for a friend of mine who is a scientist 

and asked him if he could explain what was 
wrong. 

This gentleman told him that while the white paint 
used by the artist looked very white to the eye, it 
' vas absorbing ultra-violet light which, although it 
did not affect the eye, affected the photographic plate. 
He. explained that the white paper background on 
which the bird was painted was reflecting the ultra¬ 
violet light into the camera, but the bird’s breast was 
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failing to reflect that light so the background was 
coming up whiter than the bird’s breast, and this 
made the breast appear a dirty grey. 

But my friend did not act merely as a critic; he got 
over the blockmaker’s difficulty by preventing any 
ultra-violet light entering the camera. He filled a 
Mass vessel with a liquid which allowed the visible 
fight to pass, but trapped all the ultra-violet rays. 
When he placed this filter in front of the lens no 
ultra-violet light could enter; so it did not matter 
that some parts of the picture were reflecting more or 
less of that light. 

In plate hieing p. 52 you will find a photograph 
which was taken entirely by ultra-violet light. The 
picture which was to be photographed was placed m 
a room which was lighted by a lamp, and a special 
screen was placed in front of the lamp. Ihis screen 
prevented any of the visible light getting out of the 
lamp, so that the room was left in darkness. But 
the screen allowed the invisible ultra-violet waves 
to pass, and with these the photograph was taken. 
Does it not seem strange to be able to take a photo¬ 
graph in a dark room? 

You may be surprised to learn that the elect nc 
waves which we use in wireless telegraphy and 
telephony are also of exactly the same nature as the 
light which affects our vision. In science we classify 

all these waves under the title of light 

It was a young German professor, Heinrich He tz, 
who first discovered a means of detecting these electric 
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waves, and thus laid the foundation for wireless 
work. 

We may make simple experiments to prove that 
these electric waves have the same properties as 
light. Let us see, first of all, how a beam of these 
waves may be bent, or refracted, as is the case with 
light. 

Here is a drawing which shows how it is possible to 



Fig. 33 


bend electric waves from their normally straight path 

(% 33). 

We place a wireless transmitter in the metal box 

T, leaving only a hole through which the electric 

waves can pass out in straight lines. We place the 

detector in another metal box D, and we arrange the 

positions of the boxes so that the electric waves from 

T just miss entering the box D. When we send the 

waves they do not reach the detector, so there is no 
response. 
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We then place in the path of the waves a large prism 
(P) made of paraffin wax, and we find the waves 
are bent into the box I), for the detector responds. 

This experiment may be used to demonstrate re¬ 
flection also, for if we let the waves just miss entering 
the box again, and if we place a sheet of metal near 
the entrance, we may reflect the waves into box D 
so that they reach the detector. 

We have seen that visible light may be spread out 
into its different wave-lengths by passing it through 
a prism of glass. There is another method of doing 
the same thing. 

If lines are ruled very very close together on a 
piece of glass, or, better still, on a piece of polished 
speculum metal, this grating , as it is called, will act 
in the same way as a prism in spreading out the 
different wave-lengths (different colours). 

Many years ago, I saw a machine for making such 
gratings at the late Lord Blythswood’s private labora¬ 
tory in Renfrew (Scotland). 

The machine ruled over 14,000 parallel lines to the 
inch. It is difficult to visualize this, but I remember 
his lordship saying that it was equivalent to ruling 
fourteen parallel lines on the cut edge of a piece of 
tissue paper. 

It is necessary that no vibration should reach the 
machine while it is at work, and so it had a house 
built for itself in the garden, separate from all other 

buildings. 

It was also necessary that the machine should be 

/\ C ew6^33 
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kept at an even temperature. For this purpose, there 
were several gas stoves around the room, as electric 
heaters were not in use at that time. Each of these 
gas stoves was controlled by a little piece of apparatus 
called a thermostat. If the temperature rose above a 
certain point, a piece of metal on the thermostat ex¬ 
panded and turned down the gas in the stove, or, 
if necessary, turned it off altogether, leaving only 
a pilot jet to light it again when the thermostat 
contracted and turned on the gas. 

I remember that there were fans on the ceiling, 
and those were made from wheels of old-fashioned 
bicycles, in which there used to be a large wheel and 
a very much smaller wheel. These wheels were used 
by Lord Blythswood to fan, or churn, the air in the 
building containing this delicate machine. It was 
placed in a large box arrangement with double walls 
filled with cotton wool. In the machine there was a 
diamond point to cut the lines. As soon as all was in 
readiness the machine was set agoing, the box closed, 
and the building locked and deserted for several days 
while the machine did its delicate work. The machine 
did work which could not possibly have been done by 
hand. The metal plates when ruled are called diffrac¬ 
tion gratings , and they are used in spectroscopes 

to-day for producing spectra (which word is the plural 
of spectrum). 
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CHAPTER XI 

X-rays 

When X-rays were discovered in 1895 by Professor 
Rontgen, of Germany, he had no idea as to their 
nature, so remembering that we use the letter x in 
algebra to denote an unknown quantity, he called 
these unknown rays X-rays. 

Professor Rontgen was asked if these rays were 
some form of light, and he said no, because he could 
not reflect nor refract them, but it has been dis¬ 
covered since that they do possess these properties. 

For many years after the discovery of X-rays we 
could not tell their nature. Before considering what 
they are, we wish to see how they came to be 
discovered, and how they are produced. 

On the 8th of November, 1895, Professor Rontgen 
was experimenting in his laboratory, at Wurzburg, 
when he made his great discovery. He was working 
with a vacuum tube, a glass vessel from which the 
air had been exhausted as far as it was possible. 
When electricity is passed through this tube there is 
a stream of what we call cathode rays. It is com¬ 
posed of particles of negative electricity, and Rontgen 
was making some experiments with these cathode 

rays. 

He had covered the tube by a shield of black card¬ 
board, as he did not wish any light to escape. In his 
experiments he had been using what is called a 
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luminescent screen. It was a piece of paper with 
some chemical substance on it. The chemical has a 
long-winded name about which we need not trouble. 
"When the invisible ultra-violet light falls upon the 
screen it becomes luminous; it will shine in the dark. 
While Rontgen was at work he noticed this screen 
shining, when no ultra-violet or any other known 
form of light could be reaching it. He knew of no 
rays which could penetrate the black cardboard 
shield, but it was quite evident that rays were 
coming from the tube. Rontgen thought it must 
be some new kind of light, but when he was asked a 
few days later if it was light, he said it was not. 
When asked what it was, he said, “ I do not know.” 

We continue to call them X-rays, though we do 
know now what they are. Sometimes they are called 
Rontgen rays. When these waves were measured 
they were found to be far shorter than the ultra¬ 
violet waves. 

In Rontgen’s first experiments with X-rays, there 
was no mention of photographing with the rays, nor 

was there any thought of seeing the living skeleton 
through the flesh. 

It was some time later when it occurred to Rontgen 
that bone, being more dense than flesh, might be able 
to produce a darker shadow than the flesh. 

Fig. 34 shows what a simple X-ray tube looks like. 

Particles of negative electricity are shot off from 
the one terminal (-) and strike the little target 
which is placed at an angle, so that the X-rays, 
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produced by the bombardment, are sent out of the 
tube. 

If we wish to see anything by means of the X- 
rays we use a luminescent screen. We perform the 
experiment in the dark, as otherwise we could not 
see very much on the screen, because it would be 
lighted also by daylight. 

If we place a hand behind the screen we see the 



bones quite distinctly on the shining screen. If 
there are any rings upon the fingers we notice that 
they make very black shadows. The reason is that 
the flesh does not offer much resistance to the passage 
of the rays, whereas the bones offer much more resis¬ 
tance, and the metal of the rings succeeds in stopping 
the rays altogether, so that they make perfectly black 

shadows. 

If we place some metal tools inside a wooden 
box, we may close it and wrap it up in thick paper, 
and yet we can see its contents very clearly when we 
hold it between the X-ray tube and the screen. 
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On one occasion, many years ago, when X-rays 
were more of a novelty than now, a young lady came 
to me and asked if I would examine her mother’s 
hand and see if there was a needle in it. She 
explained that her mother thought she had got a 
needle into her hand some years previously, but she 
had never been quite sure. I said it might be better 
to let well alone, but I found the mother was very 
much interested to know, and she assured me she 
would not be alarmed if she were told that the 
needle was there, as it had never given her any 
trouble. 

On holding her hand behind the X-ray screen, the 
needle was seen very clearly. It had taken up a 
fixed position in her wrist, but did not interfere with 
any movements of the hand. 

You can realize what a lot of trouble an X-ray 

examination saves the surgeon who is about to 

operate to take out a needle or a bullet hidden in 
the flesh. 


If you wish to take a photograph by X-rays you 
merely place a photographic plate where the screen 
would otherwise be used. When taking a photograph 
you need not trouble about darkening the room, as 
the plate is enclosed in a dark envelope, through 
which no visible light can penetrate. 

There was a very remarkable case in London. A 
little girl was taken to the London Hospital, and 
it was said that she had swallowed a toy bicycle It 
seemed mi possible, but when her throat was X-rayed, 
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there was the bicycle. A photograph was taken so 
that the surgeon might see exactly where the toy 
was lodged. 

An incision (or cut) was made, then the bicycle 
was cut in two and removed, and when the wound 
had healed the girl was able to leave the hospital. 

When she was leaving a friend of mine said to her 
that if she had any more bicycles, she must keep a 
good long string on them, meaning that he might 
be able to pull them out of her throat. The little 
girl said that she had no more bicycles, but she had a 
“ motor-tar 

At the time of the discovery of X-rays, I remember 
some students in Glasgow University drawing an 
amusing picture postcard, which was supposed to 
represent an X-ray photograph of a locked room in 
which four students were enjoying themselves. 

The picture showed four skeletons sitting round a 
table, playing cards. Each had a cigarette or cigar in 
his mouth, and a glass of wine in one hand, while he 
held the cards in his other bony fingers. 

Of course the whole affair was a joke. It is true 
we can photograph the living skeleton, but it must 
be laid flat upon the photographic plate, and it is a 
shadowgraph we get. 

It is a great deal more than an ordinary shadow, 
for we get different degrees of darkness. We call it 
a radiograph or a radiogram, or it is sometimes called 
a skiagraph or skiagram. 

We have seen that electric waves (wireless), infra- 
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red rays, visible light, ultra¬ 
violet light, and X-rays, may 
all be classed under the one 
title of light, and that they 
are all waves in the ocean of 
nether. These waves are all 
of the same nature, the only 
difference being that some 
are much shorter than others. 
If we arrange these like the 
keyboard of a piano we can 
see how many octaves are 
occupied by each kind of 
light (sec fig. 35). 

Each division represents 
one octave, and you may 
be surprised to find that 
the visible spectrum only 
occupies one single octave. 
That contains all the waves 
to which our eyes can 
respond. 

The electric waves are 
at the low end, and the 
waves go on increasing in 
frequency until we reach 
the highest frequency in 
X-rays. 
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CHAPTER XII 

How iEther Waves are Produced 

In the mental picture of the boy and the pond, we 
saw that he could produce waves on the surface of 
the water by moving the float up and down. We 
call these to-and-fro motions vibrations. The float 
vibrated and produced the waves. 

In connection with sound we know that the air¬ 
waves are produced by things vibrating. This is 
very apparent in the beating of a gong, or a drum, or 
in the striking of the wires of a piano. We can also 
realize the vibrations of the strings in violins and 
banjos, and other musical instruments. All sound 
waves are produced by vibrations, and all sound is 
transmitted by vibrations where it is communicated 
through the air, or through liquid such as water, or 
through solids. 

It is reasonable to suppose that the aether waves 
must be due also to vibrations; but you may be 
puzzled when you remember that everything can 
move through the aether without disturbing it. 

We are on board a planet which is flying through 
the mther with a speed a thousand times greater than 
that of an express train, or in other words, 1000 
miles per minute. This our planet is doing in its 
annual race around the Sun, and we feel no discomfort; 
nor does the aether stop our constant flight. How 


HOW AETHER WAVES ARE PRODUCED GO 


then can we ever hope to disturb the aether and make 
waves iu it? We cannot do it with any material 
thing; but when a particle of electricity moves it 
disturbs the aether. 

We can move particles of electricity in a wireless 
aerial, and send out long electric waves. What we 
really do is to cause the electrons to surge to and fro 
in the wire, and this action constitutes what we know 
as an alternating-current. You know that light con¬ 
sists of aether waves, but we cannot by any electrical 
means cause the electrons to move quick enough to 
produce the short waves which comprise light. Sir 
Oliver Lodge has said that if we could only”discover 
the secret of the glow-worm, a boy turning a crank 
might light up a whole city. 

Nature can do what we cannot do. It is the 
particles of negative electricity which move or 
vibrate, and we call them electrons. There are 
millions on millions on millions of electrons in the 
bun; and these are always on the move, vibrating 
to and fro and sending out those waves which we call 
visible light, and those waves which we call ultra¬ 
violet rays, and also the infra-red rays. These 
waves travel through the aether to the earth, across 
a distance of ninety million miles. Other aether 

stir DS ° f mUli0nS ° f miles from ^tant 

The electrons in a cold body may vibrate 
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Fig. 36 


you would not see the printing, as the whole surface 
would appear black instead of white. 

Let us consider what happens when light is 
reflected from a page of this book to your eyes. 
How does the paper reflect the light? 

It will be helpful if we consider an analogy. Let 
us make an experiment with two tuning forks, both 
capable of giving out the same note (fig. 36). 

We need not trouble about what note they produce; 
all we wish to notice is that when we sound the one 
fork it causes the second one to sing out also. 

What happens is this. No. 1 fork was caused to 
vibrate, and it produced waves in the ocean of air. 
These waves fell upon No. 2 fork, and caused it to 
vibrate, and in doing so it sent out similar waves. 
Strange to say that is what happens when light is 

reflected. 
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Electrons are vibrating in the Sun or in an electric 
lamp, or in a gas flame, and the Jet her waves of light 
fall on the surface of the paper and set other electrons 
vibrating, causing them, in turn, to send out similar 
aether waves of light; and it is those waves which 
enter our eyes and produce the sensations of 
vision. 

In the surface of a red object there are electrons 
capable of responding to red-producing waves. 
These waves are contained in daylight and in most 
artificial lights, so the electrons can respond and send 
out red-producing waves, which stimulate our red 
sensation, and we say the object is red , often for¬ 
getting to realize that the colour is merely a sensation 
within us. 

If we shine a green light on the so-called red 
object, it appears black. In the white surface of the 
paper there are some electrons capable of responding 
to red-producing waves, others to green, and others 
to blue; when all respond simultaneously they pro¬ 
duce the sensation of white. In coloured objects the 
capabilities are more limited. You will not fail to 
remember that all colours are merely sensations within 
us and outside of ourselves there are these mther waves 
vibrating at different rates or frequencies and pro¬ 
ducing the different sensations of colour. 

You will understand that the electrons in the 
surface of an object stop vibrating as soon as the 
stimulating light is withdrawn, otherwise the reflect¬ 
ing object would continue to send out light; some 
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objects do continue sending out light. For instance, 
in a surface covered with a chemical substance known 
as zinc sulphide , the electrons will not stop when the 
light is withdrawn. If we expose such a surface to 
light to set the electrons vibrating, we may take 
it into a dark room, and we find it continues to give 
out light; it shines in the dark. 

Some of you may have seen matchboxes covered 
with this substance in order that their whereabouts 
may easily be seen in the dark. 

But the electrons in the zinc sulphide will not go 
on vibrating for ever; they will come to rest very 
gradually; and, if you keep the substance in the 
dark long enough, it will cease to shine. If you 
take it out to the light, and thus set the electrons 
vibrating once more, you may then get it to shine 
in the dark as before. We call such substances 
phosphorescent. 

No doubt you have all heard of radium, a rare 
substance which gives off rays. Some of the rays are 
composed of aether waves; they are very similar to 
X-rays. These waves also are produced by vibrating 
electrons. These rays from radium will aftect a 
photographic plate, and they can penetrate very 
dense objects, as the following experiment will show. 

Some radium salts were placed in a small glass 
tube, and this was laid on the top of a six-inch 
granite boulder. The boulder was resting on a thick 
wooden board, and below it was placed a photogiaphic 
plate in a dark envelope. Between the wood and the 
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photographic plate some letters of the alphabet were 
placed. These were made of lead wires. The aether 
waves, produced by the electrons in the radium, went 
right through the granite boulder and the wood and 
the dark envelope, and produced a shadow of the 
letters on the photographic plate. That was great 
work for the electrons to do. 

I need not tell you how small these electrons are, 
for you could not visualize them. 

You will remember that they are particles of 

negative electricity, and that they are all identical. 

You may be interested to know that they go to form 

all material things. We believe every existing thing 

to be made entirely of positive and negative elec¬ 
tricities. 

Many years ago I had been amusing a small boy 
by showing him some electrical experiments, and he 
asked me if there was any electricity in him. When 
I told him that he was made of electricity, he thought 
it a great joke. His knowledge of electricity was 
chiefly concerning electric sparks. 

In the foregoing chapters we have seen that many 

things happen in the ocean of aether, the nature of 
winch remains a mystery to us. 
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CHAPTER I 

What is the firmament 1 

Mention three different kinds of oceans. 

What elements are combined to make water? 

Of what is air composed? 

What is the aAher made of ? 

At what speed is the earth flying through the a-ther? 
Through what three different mediums may we communicate, 
and how are the communications transmitted ? 

By what is the moon tethered to the earth ? 

^ hat did Sir Isaac Newton say about empty space? 

To where does the aither penetrate? 

CHAPTER II 

Describe what light is. 

When and where did Euclid live ? 

State Euclid’s idea of light. 

Who was Pythagoras, and when did he live? 

Quote two of the symbols of Pythagoras. 

What did Pythagoras think light was? 

When was Aristotle born, and how did he spend his youth ? 
To whom did Aristotle act as tutor? 

For W hat were students fined in the early days in Oxford ? 

W hat idea did Aristotle have of light? 


UnAPTER III 


F Tth’ P h m» Gr?ek W <° u d i A our " -ord >hm y derived ' and "'hat 

* s the meamn 8 of the Greek word ? 
at did the author suggest about the photograph which 
was supposed to have recorded five flashes of lightning? 
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3. How was the suggested theory proved to be correct? 

4. Mention the two different kinds of theories of light, and state 

which is the correct theory. 

5. What kind of criticism did the correct theory get in the 

Edinburgh Review ? 

6. hat did Newton really think of the theory which was 
called after him ? 

7. Why did Newton suggest a theory? 


CHAPTER IV 

1. Who was Professor Thomas Young? 

2. He wrote a pamphlet defending his theory. How many 

copies of it were sold? 

3. Name three professors who succeeded him, and state what 

wonderful thing one of his successors did. 

4. How did Young prove his theory of light? 

5. How did he argue the matter? 

C. Describe an experiment showing the interference of sound 
waves. 

7. Draw a diagram showing how the waves interfere with one 

another. 

8. How did the author test the number of “beats” or inter¬ 

ferences between the waves set up by two metal bars? 
Describe the experiment. 

9. By what method were the bars made to vibrate? 

10. What produces the vibrations in the vibrator? 


CHAPTER V 

1. By what substances may we bend light? 

2. Who was Alhazan, and when did he live? 

3. How did he escape death ? 

4. Describe how he bent a beam of light. 

5. How did the author succeed in photographing this experi 

ment which is made in the dark? 
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6. Describe an experiment by which you may see round the 

corner of a basin. 

7. What is it that enables you to see round the corner? 

8. For what purpose is a lens used ? 

9. (a) How do we focus rays of light to a point? 

(b) How do we spread out the rays of light? 

10. Name the lens in an eye, and state how it can focus light 
from different distances. 


CHAPTER VI 


1. Mention points of similarity in the eye and camera. 

2. State the use of the following parts of the eye: (a) The 

cornea, (b) the iris, (c) the retina. 

3. When may you feel the little muscles pulling at the lens of 

the eye ? 

4. Why is the image inverted in the eye and in the camera? 

5. V hy do we not see the objects upside down ? 

6. Describe how you may throw a shadow on the retina. 

7. Name the nerve which carries the impulses from the eye to 


8. Draw two lines of equal length, and place them so that one 

looks longer than the other. 

9. Mention five instruments in which lenses are used. 

U How is the telescope supposed to have been invented? 


utiATTER VII 

o H r ? Cnbe tbe colours in a rainbow. 

'' hat is a prism? 

4’ Whir? firS , fc perS0n t0 stud > 7 the spectrum? 

Z toad bandsT C ° me ' rom ' a '‘ d whrt S P rc;ids them 011t 

, lyy, "' aves ' and ho "- co,dd a h °y 

at does the frequency of waves mean ? 
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7. How many waves must there be per second to produce red 

light? 

8. What is a billion? 

9. Describe the imaginary experiment which the author sug¬ 

gested to show the difference between a million and a 
billion. 

10. What is colour? 

11. How may a red board be made to appear black ? 

CHAPTER VIII 

1. Who was John Dalton, and when did he live? 

2. What birthday present did he take to his mother, and why 

did she not like it? 

3. Why did Dalton join with others in the laugh when he 

described pink as being blue? 

4. In what colour of cloth was a colour-blind man willing to go 

to a funeral, and why was he willing? 

5. What did pink appear to the colour-blind man? 

6. State what we call the three primary sensations. 

7. Which of these primary sensations does a pink object 

stimulate ? 

8. What colour did yellow appear to the colour-blind man? 

9. How did the author imitate colour-blind vision? 

10. Why was the salesman dismissed from the wool shop? 

11. What produces colour sensations within us? 

CHAPTER IX 

1. What do we mean by invisible light? 

2. Name some invisible light which the sun sends us. 

3. What is ultra-violet light, and what is infra-red light? 

4. (a) How can we detect the presence of infra-red waves? 

(/,) Name the instrument used. 

5. Describe an experiment used by Sir Humphry Davy to 

show the reflection of heat waves. 

6. What is refraction, and how can we refract heat waves ? 
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QUESTIONS 

7. Mention something else we can do to light, in addition to 

reflecting and refracting it. 

8. Why did we make imaginary experiments with ropes and 

boxes ? 

9. For what is tourmaline used in connection with light? 

10. Describe how we can polarize heat waves. 


UnArTEIt X 

1 photogr ' i,,h ° f thc • 

2. Describe how a perfect photograph was taken. 

3. With what kind of invisible light has a portrait been taken f 

r ° f th ° 6ame ,,au,re ^ht- < c 

in addition to ultra-violet and infra-red 
teTwtletJ ^ detCCt — «*>■ us we now 

6 ' De path e h ° W eleCt ™ WaVeS “V bc be "‘ from their straight 

7 - Wh wtu n g ;ris n ^en r to°it li : s d r n ; ,ed on a meta ' P Ia * 

8. What peer of tlfe rp-klm d f hat pur P 0SC is jt »>sed? 
plates ? made a machino ^r ruling those 

lo! How Srr 0f ! the machinc cont rolled ? 

only measured HeVinches ? ^ * Single pIate ’ which 


2 .' What did^the ^ *"• Xra > s < *' scov ered ? 

he^Correct, SC ° Verer tb “‘ tb » "»v» were not! Was 

thetf XwaysT t0 d ‘ SC ° Ver these ra >' s - an<l why did he call 

5 A r C e n x° r n an f her given to these rays 

6 t Xra yslong or short waves? 3 

happens withuHt™ X ’™ y tl,be ’ aml state briefly what 


r 
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7. What do X-rays enable us to see? 

8. Why do we see metal tools when enclosed in a box? 

9. Can we see a needle in the hand if it is behind a bone, and 

why or why not? 

10. What did a London surgeon find in a girl’s throat, and what 

happened ? 

11. Write down the different kinds of aether waves in the order 

of wave-length, commencing with the longest waves. 

CHAPTER XII 

1. What is a vibration? 

2. How are air-waves (sounds) produced? 

3. Can we disturb the ocean of aether as we can disturb the 

oceans of air and water? 

4. How are the waves produced in the aether ? 

5. What happens when light is reflected from a piece of paper 

or other object? 

6. Describe an experiment which serves as an analogy. 

7. How does the sun give light? 

8. Why do we see a red object red? 

9 What happens if we shine a green light on a red object? 

10 Name a substance which will shine in the dark, and state 
the name given to this class of substance. 

11. What does radium do? 

12. Of what are all material things composed? 
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